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ABSTRACT 
Phospholipase A2 (PLA2, EC 3.1.1.4) catalyzes the hydrolysis of 
glycerophospholipids at the sn-2 ester bond to produce lysophospholipids and free fatty 
acids. PLA2s were the first type of enzymes discovered to be involved in the interfacial 
catalysis process wherein the enzyme first binds to the aggregates of the substrate 
molecules and then perform its hydrolytic activity. PLA2s are suggested to be involved 
in many biological processes such as inflammation, cell signaling and lipid digestion 
and several diseases like arthritis, Alzheimer's, Parkinson's, etc. In addition, they are 
recently proposed to be involved in the host defense against microbial pathogens, 
fungal invasion and adenoviral infection. PLA2s are found in most living organisms and 
in virtually all cell types. However, those found in snake venoms and pancreas is the 
most thoroughly characterized and studied among the members of the family. PLA2s 
are grouped into many classes based on localization (e.g. cytosolic and secretory) and 
for their requirement of calcium ion (e.g. Ca2+-dependent and Ca2+-independent). 
Bovine pancreatic phospholipase A2 (BPLA2) belongs to the secretory and calcium-
dependent group IB (PLA2GIB). BPLA2 is a monomer containing 123 amino acids of 
which 14 cysteines form seven disulfide bonds, thus providing stability to the enzyme. 
The mechanism of the catalytic activity of the enzyme PLA2 is similar to that of the 
serine protease except a water molecule plays the role of nucleophile. The catalytic 
dyad (His48-Asp99) along with a nucleophilic water molecule is responsible for 
hydrolytic process of the enzyme. Furthermore, the residue Asp49 is essential for 
controlling the binding of calcium ion and the catalytic activity of the enzyme. 
Biochemical and NMR studies on His48 and Asp49 single mutants suggested that 
H48N mutant is active though it is several folds weaker than the wild type enzyme. 
Similarly, the study suggested that D49N and D49K mutants do not bind to the 
functionally important calcium ion and shows structural perturbation, hence the 
mutants D49N and D49K show no enzymatic activity. Thus, the present work was 
started with the aim of understanding the structural basis of these three active-site 
mutants. 
It is well-established fact that water molecules are an integral part of 
biomolecular systems and are crucial in the protein-folding process and their functions. 
It is also known that protein hydration plays an important role in biological processes 
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and that hydration forces are responsible for the packing and stabilization of three-
dimensional protein structure. In addition, water molecules are found to be involved in 
many hydrogen-bonding networks. The common hydrophilic nature of the interfaces of 
protein-protein, protein-DNA and protein-ligand complexes and the abundance of water 
molecules at the interface suggest that water molecules are an indispensable component 
of biomolecular recognition and self-assembly. Thus, water molecules identified to be 
invariant in all the crystal structures of BPLA2 were analyzed and their structural and/or 
functional role was discussed. 
In addition to the work on BPLA2, structural studies on the molybdenum 
cofactor (Moco) biosynthesis proteins MoaC and MogA were also carried out. The 
biosynthesis of Moco is an evolutionary conserved pathway among almost all 
kingdoms of life including humans. It is required for the activity of several enzymes 
known as molybdoenzymes, which contain molybdenum ligated into Moco and are 
known to play major roles in nitrogen, carbon and sulfur cycles. The deficiency of 
Moco in human causes the accumulation of toxic levels of sulfite and neurological 
damages usually leading to death within months of birth. The biosynthesis of Moco is 
generally divided into five steps. Out of which, the first step involves the conversion of 
GTP to precursor Z by two proteins (MoaA and MoaC). The protein MoaC forms a 
hexamer, belongs to the ferredoxin-like fold and has been suggested to catalyze the 
release of pyrophosphate and the formation of the cyclic phosphate of precursor Z. 
However, structural evidence showing the binding of a substrate-like molecule with 
MoaC is not available. The third step of Moco biosynthesis involves the adenylation of 
an intermediate compound MPT and is performed by protein MogA. The protein MogA 
forms a trimer and belongs to the Rossmann fold. In the present work, the crystal 
structures of these two proteins MoaC (both in apo and complex forms) and MogA (apo 
forms) have been determined at high resolution.  
The crystallization experiments were carried out using hanging-drop and sitting-
drop vapor-diffusion methods. The intensity data were collected from both home source 
and Synchroton radiation. The data related to the enzyme PLA2 were collected on a 
MAR research imaging plate mounted on Rigaku RU300 generator and the data related 
to Moco biosynthesis proteins MoaC and MogA were collected on Synchroton 
radiation, except for the data of the ligand-bound MoaC. The data were processed and 
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scaled using DENZO and SCALEPACK of the HKL suite. All the structure solutions 
were obtained by molecular-replacement technique using the program Phaser. Structure 
refinements were carried out using the package CNS. Model building was done using 
the program COOT. Several programs like PROCHECK, MolProbity, ALIGN, ESCET, 
NACCESS, HBPLUS and CONTACT were used for structure validation and analysis 
of the refined structures. Furthermore, the program ClusPro was used to carry out 
protein-protein interactions. The program GROMACS versions 3.3, 3.3.3 and 4.0.4 
were used to perform molecular-dynamics simulations. OPLS-AA and AMBER03 
force fields were used for different simulations. Simulations were performed in explicit 
water system with SPC water model under NPT conditions with unit dielectric 
constant.  
The crystal structures of the three active-site mutants (H48N, D49N and D49K) 
of the BPLA2 enzyme have been determined. The overall tertiary structures of all three 
mutants are similar to that of the wild-type enzyme. However, the active site is 
disturbed in the case of the Asp49 mutants, whereas it is intact in the H48N mutant. 
Thus, the crystal structures and molecular-dynamics simulations of the three single 
mutants confirm that residue Asp49 is important for both calcium binding and the 
integrity of the active site. On the other hand, His48 is not crucial for the stability of the 
active site. However, it is important for the catalytic activity of the enzyme. 
Furthermore, the active site framework and the role of structural and functional water 
molecules are verified using the MD simulations.  
The water molecules in 25 (21 high-resolution and four atomic-resolution) 
crystal structures of BPLA2 have been analyzed to identify the invariant water 
molecules and their possible roles. In total, 24 water molecules are identified as 
invariant. Of these, nine invariant water molecules (IW1, IW2, IW3, IW4, IW5, IW8, 
IW9, IW10 and IW19) are located in the core of the enzyme and are likely to be 
involved in the folding of the enzyme. Invariant water molecules IW1 and IW2 are also 
involved in the catalytic activity of the enzyme. Two invariant water molecules IW5 
and IW8 are structurally essential providing coordination to the functionally important 
active-site calcium ion and to maintain the correct active site geometry. In addition, 
some invariant water molecules are observed to be involved in mediating ion pairs that 
play an important role in stabilizing the tertiary structure. A set of water molecules 
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forms a water bridge that stabilizes the functionally important residues. In addition, 
about half of the invariant water molecules play a role in stabilizing the surface residues 
of the enzyme. Thus, it can be concluded that, in addition to the structurally and 
functionally important water molecules, the present study helps to rationalize the water 
molecules that are significant for the folding and stability of the enzyme PLA2. 
The crystal structures of MoaC from Thermus thermophilus coupled with the 
ITC experiments and the MD simulations provide insights into substrate binding, 
structure dynamics and a possible mechanism. For the first time, the crystal structure of 
MoaC bound with GTP was reported. GTP-bound crystal structure revealed that the 
residues Lys49, His75, Asp126 and Lys129 are critical for the biological activity of the 
protein molecule. ITC results along with the interaction energies calculated from the 
MD simulations provide insights into the chemical nature of the possible substrate 
molecules capable of binding to the protein molecule. These results reveal that the 
molecules with triphosphate groups are more potent to bind to MoaC. A comparison of 
the available subunits from the present study led to delineate the rigid and the flexible 
regions of the protein molecule. These results show that all/most of α-helices are rigid, 
whereas β-sheets are flexible. The identification of invariant water molecules led to the 
assignment of their structural and functional roles. In addition, the MD simulations 
were used to obtain the interactions energies for the protein-ligand complexes to 
support the findings of the crystallographic and the ITC results. 
 Crystal structures of Moco biosynthesis protein MogA from two thermophilic 
organisms Thermus thermophilus HB8 and Aquifex aeolicus VF5 have been determined 
at high resolution. Comparative study of the present crystal structures and those 
available in the literature has led to the identification of the residues Pro47, Pro48, 
Lys52, Arg55, Asp59, Glu86, Gly115, Arg120 and Ser131 (MogA from T. 
thermophilus), which could possibly be involved in the oligomerization of the protein 
molecule. Furthermore, five invariant and two interfacial water molecules are also 
believed to play a role in oligomerization. Similarly, another five invariant and an 
interfacial water molecule are likely to play a role in anchoring the active-site residues. 
Based on comparative analyses, a possible role of the N- and C-termini residues of 
MoaB and MogA proteins, respectively, are proposed in the stabilization of the 
substrate and/or product molecule in the active site of the protein molecule. A possible 
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protein-protein conformer between MogA and MoeA has been predicted. The results 
show that the residues (Arg3, Asp11, Glu46, Arg77, Lys106, Ser131 and Thr154) are 
involved in protein-protein interactions. Furthermore, results obtained from the MD 
simulations and molecular-docking calculations of several ligands with protein 
molecules support the experimental results reported in the literature. The results show 
that MPT and MPT-AMP can bind strongly to MogA than to MoaB proteins. In 
addition, in most of the cases, MPTBS is preferred to AMPBS except for ATP 
molecule. Furthermore, results from the MD simulations show that the active-site loops 
are stabilized upon substrate and/or product binding.  
 
A part of the work presented in the thesis has been reported in the following 
publications. 
 
Kanaujia, S.P., Ranjani, C.V., Jeyakanthan, J., Baba, S., Chen, L., Liu, Z.-J., Wang, 
B.-C., Nishida, M., Ebihara, A., Shinkai, A., Kuramistu, S., Shiro, Y., Sekar, K. and 
Yokoyama, S. (2007). Crystallization and preliminary crystallographic analysis of 
Molybdenum cofactor biosynthesis protein C from Thermus thermophilus. Acta Cryst. 
F63, 27-29. 
 
Kanaujia, S.P., Ranjani, C.V., Jeyakanthan, J., Ohmori, M., Agari, K., Kitamura, Y., 
Baba, S., Ebihara, A., Shinkai, A., Kuramitsu, S., Shiro, Y., Sekar, K. and Yokoyama, 
S. (2007). Cloning, expression, purification, crystallization and preliminary X-ray 
crystallographic study of molybdopterin synthase from Thermus thermophilus HB8. 
Acta Cryst. F63, 324-326. 
 
Kanaujia, S.P. and Sekar, K. (2008). Crystal Structures and Molecular Dynamics 
Studies of Three Active Site Mutants of Bovine Pancreatic Phospholipase A2. Acta 
Cryst. D64, 1003-1011. 
 
Kanaujia, S.P. and Sekar, K. (2009). Structural and Functional Role of Water 
Molecules in Bovine Pancreatic Phospholipase A2: A Data-Mining approach. Acta 
Cryst. D65, 74-84. 
ABSTRACT vii
 
Kanaujia, S.P., Jeyakanthan, J., Nakagawa, N., Sathyaramya, B., Shinkai, A., 
Kuramitsu, S., Yokoyama, S. and Sekar, K. (2010). Crystal structures of apo and GTP-
bound molybdenum cofactor biosynthesis protein MoaC from Thermus thermophilus 
HB8. Acta Cryst. D66, 821-833. 
 
Kanaujia, S.P., Jeyakanthan, J., Shinkai, A., Kuramitsu, S., Yokoyama, S. and Sekar, 
K. (2010). Crystal structures, dynamics and functional implications of molybdenum 
cofactor biosynthesis protein MogA from two thermophilic organisms. Acta Cryst. F66, 
(In press). 
 
 
